The Large Magellanic Cloud (LMC) has been observed by the Midcourse Space Experiment (MSX) in the mid-infrared and the Two Micron All Sky Survey (2MASS) in the near-infrared. We have performed a cross-correlation of the 1806 MSX catalog sources and nearly 1.4 million 2MASS cataloged point and extended sources and Ðnd 1664 matches. Using the available color information, we identify a number of stellar populations and nebulae, including main-sequence stars, giant stars, red supergiants, carbon-and oxygen-rich asymptotic giant branch (AGB) stars, planetary nebulae, H II regions, and other dusty objects likely associated with early-type stars. A total of 731 of these sources have no previous identiÐca-tion. We compile a listing of all objects, which includes photometry and astrometry. The 8.3 km MSX sensitivity is the limiting factor for object detection : only the brighter red objects, speciÐcally the red supergiants, AGB stars, planetary nebulae, and H II regions, are detected in the LMC. The remaining objects are likely in the Galactic foreground. The spatial distribution of the infrared LMC sources may contribute to understanding stellar formation and evolution and the overall galactic evolution. We demonstrate that a combined mid-and near-infrared photometric baseline provides a powerful means of identifying new objects in the LMC for future ground-based and space-based follow-up observations.
INTRODUCTION
Among our nearest galactic neighbors, the Magellanic Clouds, with their relative proximity, low line-of-sight extinction, lower mean metallicity, and large numbers of stellar populations, can provide us with vital information about our own Milky Way and galactic evolution in general. A multitude of studies at a large variety of wavelengths have been conducted on the Clouds for decades. Large-scale optical surveys, such as the Magellanic Clouds Photometric Survey (Zaritsky, Harris, & Thompson 1997) , are compiling results on a large number of stellar objects and nebulae. To obtain a view particularly of the postÈ main-sequence stellar populations in these galaxies, one needs to turn to the infrared (IR). Two recent IR surveys have provided a wealth of new data on the Large Magellanic Cloud (LMC) in the wavelength regime from 1.2 to 25 km. At near-IR wavelengths, the Two Micron All Sky Survey (2MASS) has detected nearly 2 million stars in the 10¡ ] 10¡ area also surveyed by the Midcourse Space Experiment (MSX) mid-IR survey.
MSX provides an improvement over previous mapping of the LMC in the mid-IR by the US/Netherlands/UK Infrared Astronomical Satellite (IRAS). The smaller detector footprint of the MSX detector arrays, as compared with IRAS, avoids the confusion problems encountered by the IRAS survey in some areas of the LMC and allows a more precise determination of source position, which is of great importance when attempting to compare these mid-IR observations with the 2MASS near-IR observations. The MSX A band (6.8È10.8 km) is also more sensitive than the IRAS 12 km band (7È15 km) ; therefore, we can catalog 1806 sources to a limiting magnitude D7.5. The utility of mid-IR observations in identifying postÈmain-sequence stars in the LMC was demonstrated by IRAS, which, with a detection limit of magnitude D6, detected several hundred extreme evolved stars (such as OH/IR stars) in the LMC. At the distance modulus of the LMC, only the extremely red objects at the brighter end of the mid-IR magnitude scale could be detected by IRAS. By extending the LMC mid-IR survey nearly 2 mag fainter, we expect to see some of the less extreme members of the LMC giant branch populations and other objects. Observations from 2MASS, extending to J \ 15.8 mag at a signal-to-noise ratio (S/N) of 10, have detected and yielded information on Ðrst-ascent red giant branch, asymptotic giant branch (AGB), and obscured AGB populations of the LMC (Nikolaev & Weinberg 2000) . These red populations have also been inventoried and analyzed using the DENIS point-source catalogs (PSCs) by Cioni et al. (2000) and other papers by the DENIS team. By combining the near-IR and mid-IR data, we greatly expand the color baseline and acquire additional insight into the AGB and other red stars in the LMC, as well as discovering objects with unusual IR excesses. In this paper we present the results of our merging of the MSX and 2MASS LMC data sets and discuss the nature of the various IR bright sources in that galaxy, many of which are previously unidentiÐed. This study provides a foundation for future studies of the LMC by the SIRT F and SOFIA missions.
OBSERVATIONS

T he MSX L MC Observations
Details on the MSX spacecraft and experiments can be found in Price et al. (2001) . The IR telescope on MSX, known as SPIRIT III, is a 35 cm clear-aperture o †-axis telescope with Ðve line-scanned IR focal-plane arrays and an aperture-shared interferometer. The entire system was cooled by a single solid cryostat. The Si : As BiB arrays H 2 had eight columns of detectors, each consisting of 192 rows of square pixels. A block consisting of half the columns 18A .3 in each array was o †set by half a pixel, providing Nyquist sampling in the cross-scan direction. The system parameters are presented in Table 1 .
In addition to the primary Galactic plane survey experiments (Price et al. 2001) , MSX experiments also collected IR imaging radiometer data on selected high-density regions, including the LMC and the SMC. The selected area scans were executed at a slower scan rate than the Galactic plane and IRAS gap long scans s~1 vs. s~1), (0¡ .05 0¡ .125 resulting in a slight increase in single-scan sensitivity (compare Table 1 in this paper with Egan et al. 1999 , Table  1 ). The sensitivity of band B, which was designed for experiments looking into EarthÏs atmosphere, is such that no useful data were obtained for the LMC. The MSX LMC observations covered 100 deg2, centered on a \ 5h21m, d \ [68¡45@ (J2000). The full data set includes six separate data collection events, interleaved to provide a minimum of four redundant passes over each area in the Ðeld.
The Ðnal data products for the LMC include FITSformat images and a source catalog. Both products are available through the NASA/IPAC IR Science Archive (IRSA).1 The image data include full-resolution image plates and a large-format full-resolution mosaic. Images were constructed using the method described in Price et al. (2001) , after pointing reÐnement, dark current correction, and artifact mitigation had been applied. The large-format mosaics of the galaxy are 1000 ] 1000 pixel FITS images in MSX bands A, C, D, and E, covering the full 100 deg2 area surveyed by MSX. The mosaics use 36A sampling, with the resolution of the images degraded to 72A. The full-resolution image plates consist of 25 1200 ] 1200 pixel, or 2¡ ] 2¡, FITS images, in each band. These are sampled on 6A centers. The actual resolution of these data is 20A. The image products combine all of the available scans over a given area. For four scans, this results in a sensitivity ÈÈÈÈÈÈÈÈÈÈÈÈÈÈÈ 1 See http ://irsa.ipac.caltech.edu.
increase of a factor of 2 in S/N over the single-scan survey data. A preliminary version of the LMC PSC, produced to support the W IRE mission performance veriÐcation phase, was released in 1999 through IRSA. It is this catalog on which the analysis presented in this paper is based. The point-source processing was identical to that described for the Galactic plane and also the "" Areas Missed by IRAS ÏÏ survey MSX PSCs, described by Egan et al. (1999) . Sources were extracted from individual scan legs, and redundant scans were used to conÐrm point-source detections and increase the reliability of the catalog. In Figure 1 we show the number of sources as a function of magnitude (d log N/ dM vs. mag). Here we use the conversion to zero magnitude for a Ñux density of 58.49 Jy in band A, 26.51 Jy in band C, 18.29 Jy in band D, and 8.75 Jy in band E (Cohen, Hammersley, & Egan 2000) . Version 1 of the LMC PSC contains 1806 sources. As a result of the fact that MSX band A was approximately 10 times more sensitive than the other bands, most sources are detected only in this band. Given the increased sensitivity due to co-addition of the image data, sources up to a factor of 2 fainter will be detectable in the images for all bands. Version 2 of the MSX PSC, which will contain point-source extractions from all of the MSX IR data collections, including the LMC, will extract point sources from the co-added images in bands C, D, and E, using the prior knowledge of the A-band source positions. This will yield a much higher fraction of sources with multicolor MSX mid-IR data. This catalog is currently in preparation.
We have cross-referenced the MSX LMC sources with the catalog produced by Schwering (1989) and Schwering & Israel (1990) from the IRAS Additional Observation (AO) program scans. These scans covered a smaller area than the MSX survey (D70 deg2). The goal of the IRAS AO survey catalog was to provide a deep (magnitude D6, or D150È 200 mJy, at 12 km) IR survey of the LMC. The scans yielded a catalog containing 1823 sources (802 of which were not contained in the IRAS PSC). Of the Schwering & Israel (1990) sources, 1575 have reported 12 km Ñuxes and 1578 have 25 km measurements. We found that only D47% of the IRAS sources correspond to MSX sources. Overlaying the IRAS sources on the A-band mosaic of the LMC, we Ðnd that only D71% of the cataloged 12 km sources correspond to emission detected at 8.3 km by MSX.
The sources not seen in the MSX 8.3 km observations tend to be associated with Schwering & Israel (1990) sources having uncertain Ñux values at 12 km (denoted by a colon in their tabular data). More than half (56%) of these sources do not have MSX counterparts (either point sources, extended emission, or multiple MSX sources), versus only D30% of those with IRAS 12 km Ñux values 801 Schwering & Israel (1990) sources in this quadrant of the color-magnitude diagram, 610 (254 with uncertain 12 km Ñux listings) are not seen at 8.3 km. While some of the MSX nondetections may indicate spurious sources in the Schwering & Israel (1990) catalog, it appears that most are likely cases of cool, far-IR emission sources that are below the detection limit in the MSX 8.3 km band.
T he 2MASS L MC Observations
The entire sky has been surveyed by 2MASS in the near-IR from Mount Hopkins, Arizona, and Cerro Tololo Inter-American Observatory (CTIO). The cameras on the two automated 1.3 m telescopes observed simultaneously in three channels, J (1.25 km), H (1.65 km), and (2.17 km), K s using 256 ] 256 HgCdTe detector arrays, sampling the sky in 6¡ ] 8@ strips. Co-added images, with 7.8 s total integration, are produced from six dithered frames, after rebinning to 1A pixels. The 2MASS production processing system provides Ðnal atlas images and source extractions with precise photometric calibration and astrometric positions, with 10 p sensitivities of 15.8 mag at J, 15.1 mag at H, and 14.3 mag at K s . The LMC was observed as part of routine nightly southern operations in 1998È2000. Production processing resulted in nearly 7.1 million source extractions for the LMC in a working point-source database, which also includes image artifacts, such as Ðlter glints and di †raction spikes from bright stars, as well as confused objects, detection upper limits, and multiple source apparitions due to scan overlaps. Nikolaev & Weinberg (2000) discuss the results of analysis on the working point-source database for the LMC. Subsequently, artifacts, which can be well characterized and identiÐed, were eliminated, and duplicate sources were removed, as part of the catalog generation process for the 2MASS Second Incremental Data Release (2IDR) in 2000 March. The 2IDR contains D47% of the sky, including most of the observed Ðeld of the LMC, which comprises 1,399,637 point sources and 12,311 extended sources.
Two relatively small sections of the galaxy (15.6 and 14.8 deg2, respectively) were not part of the 2IDR. The Ðrst section, spanning approximately right ascension a \ 4h39m to 4h28m and declination d \ [72¡ to [66¡ (J2000), coincidentally, had the highest source density. The second, covering a \ 4h00m to 4h05m and d \ [69¡ to [64¡ (J2000), is somewhat less dense. Data for these sections were drawn from the working point-source database and therefore may be contaminated by artifacts and confused and duplicate sources. The combined released and unreleased data sets form the basis of our near-IR/mid-IR point-source cross-correlation and subsequent analysis. We have also cross-correlated the MSX PSC with the 2MASS Extended Source Catalog (XSC), drawn from both the 2IDR and the working database for the two strips of unreleased data.
3. ANALYSIS
Correlating the Observations
The MSX and 2MASS catalogs have been crossreferenced using a simple positional correlation, requiring the position error goodness-of-Ðt statistic, s2, to be less than 18.4, where
For a two-dimensional normal error distribution, we expect 99.99% of the source matches to be found within this s2 limit. Figure 2 shows the distribution of s2 values for matches between the MSX catalog and the 2IDR. The Ðgure also shows the cumulative fraction of source matches as a function of s2, which for a truly normal distribution of errors would yield 68.3% of sources with s2 \ 2.3, 95.4% with s2 \ 6.17, and 99.73% with s2 \ 11.18. The distribution of the s2 statistic found for this data set is quite close to this, giving us conÐdence that most of the position matches are true. The driving uncertainty in these matches is that of the MSX position, which is on the order of in both 1A .5 in-scan (d) and cross-scan (a) directions. This is somewhat better than the quoted uncertainties in the MSX PSC version 1.2 (Egan et al. 1999) , since the subsequent LMC pointing reÐnement used 2MASS and MSX IR Astrometric Catalog (Egan & Price 1996) stars, which yielded more pointing update stars per square degree for the LMC reÐne-ment versus the Galactic plane boresight pointing reÐne-ment and reduced the MSX LMC positional uncertainties. The 2MASS positional uncertainties (Cutri et al. 2001) generally on the order of Given the high source density, 0A .2. especially in the LMC bar, many MSX sources had multiple 2MASS matches with s2 \ 18.3, although the percentage is smaller than was expected. In these cases, we have retained the match that had the smaller positional error, except in a dozen cases for which both 2MASS sources were within 1 p (rms) of the MSX position. In these cases, the redder (in of the 2MASS sources was chosen to be J[K s ) the true match.
Of the 1806 MSX catalog sources, 1664 had positional matches with 2MASS point sources. Of these, 1488 were in the area covered in the 2IDR, and 176 are in the unreleased regions. In Tables 2 and 3 we list the sources from both the released and unreleased 2MASS data sets, respectively. In both tables we give the 2MASS source positions and magnitudes, the MSX A-band magnitude, and the source type based on our cross-correlated MSX/2MASS colors (see below).
Of the 1664 matched sources, 1036 had unique 2MASS matches (i.e., only one 2MASS source fell within s2 \ 18.4). Most of the multiply matched sources were fairly clear-cut cases, with one match of the pair lying within s2 \ 2 and the other with s2 [ 6. A total of 142 MSX sources remained unmatched with 2MASS point sources and are listed in Table 4 . We have also run the MSX PSC against the SIMBAD database, with a match radius These 0¡ .003 (10A .8). cross-references have also been included in Tables 2È4.
Colors of Cross-identiÐed Sources
Most (1576 in number) of the cross-identiÐed sources have measurements in at least four bands, the 2MASS J, H, and bands and the MSX A band. These bands can be K s used to identify six color axes (J[H,
We have used a variant of a "" fuzzy clustering ÏÏ algorithm (see, e.g., et al. 1999) for Ho ppner N-dimensional data to Ðnd clusterings of sources with similar color characteristics. These clusters identify speciÐc populations of celestial objects for those populations that have unique colors. Processing Ðrst only the 1488 matched 2IDR objects through the algorithm (since they are expected to be far less contaminated by artifacts and multiple apparitions than is true for the unreleased data), we Ðnd 19 distinct groups. Some of the groups are subgroups of a parent type, e.g., the method distinguishes between oxygenrich AGB stars of spectral types both earlier and later than subtype M6. We have combined these subgroups under their main group type and come up with a total of 11 major categories.
We have assigned categories for all matched sources and include the source types in Tables 2È4. We note that 14% (228) of the stars are not assigned candidate types because they either fall between the chosen category boundaries (true for 160 sources) or are saturated in one or more 2MASS bands.
Six-dimensional data are difficult to represent ; in addition, it is not clear that all of the colors yield completely independent information. To simplify the analysis, we have chosen the three axes that most clearly illustrate the object type distinctions. Figure 3 is a versus color- tained in the cluster analysis categories, we have examined the colors expected for the various source types by the Wainscoat et al. (1992) "" SKY ÏÏ model of the Galaxy and compared these with the observed colors. Absolute magnitudes in the MSX A band were supplied for each of the 87 objects by M. Cohen (2000, private communication) . Figure  4 is the model analog to Figure 3 . The 11 categories occupying the three-axis color-color diagram in Figure 3 and the number of sources assigned to each group are as follows :
1. Early dwarfs. These stars occupy the region deÐned by
There are 50 candidates in the Category 5 contains a mixture of several types of stars. From Wainscoat et al. (1992) we see that the colors of red supergiants (RSGs) and early oxygen-rich and carbon-rich AGB stars are all quite similar. (By "" early ÏÏ we mean those stars with relatively little mass loss or obscuration of the central star at visible and near-IR wavelengths.) To a lesser degree, we then use the color to distinguish between H[K s these objects, the RSGs being the bluest objects among this group on this axis, and the carbon stars being the reddest. However, we do not claim that these designations are exact. In fact, even using all six color axes, some confusion still exists between some of these sources. The designations below try to make the best separation between subtypes in this category :
Late dwarfs, deÐned by
We Ðnd 99 likely candidates.
5b. Early oxygen-rich AGB stars, within the color ranges and
5c. Early carbon-rich AGB stars, having colors within the ranges and a In decimal degrees. b N1 is the number of MSX scan legs in which the source was detected, which is a possible measure of the sourceÏs reliability. N2 is a code for the source appearance in the MSX A-band co-added image : (nil) point source in MSX image ; (2) multiple or blended source at position ; (3) extended emission source at position ; (4) very low S/N source, possibly not real ; (5) no apparent emission. N3 is a code for the source appearance in the 2MASS images : (nil) source not seen in 2MASS images ; (2) extended 2MASS emission ; (3) very bright (saturated) 2MASS star ; (4) possible positional mismatch ; (5) possible faint emission at source position in 2MASS images.
SKY model reveal that it actually contains two distinct types of objects : the "" late ÏÏ (that is, high mass-loss rate, high obscuration) C-rich AGB stars (also known as "" infrared ÏÏ carbon stars ; Chan & Kwok 1988) and their O-rich counterparts (generally OH/IR stars and maser H 2 O sources). In this category, the mixing is not as thorough as in category 5, so the C-rich and O-rich sources are more easily separated. However, we still expect some confusion in the overlap region of these categories : 6a. C-rich late AGB stars, within 1. 3.3. IdentiÐcation of SpeciÐc Objects As a check of the proposed object identiÐcations resulting from the cluster analysis and model colors, we have compared the 2MASS/MSX proposed spectral types with those contained in the SIMBAD database. A total of 933 sources were returned with some type of identiÐcation, as listed in Tables 2È4. The relatively good agreement between the SIMBAD spectral types/object identiÐcations and our object type assignments gives us a high degree of conÐdence in our method. As candidates become more IR-bright, they tend not to have optical counterparts and are therefore less likely to have spectral types. We discuss the detailed results of our cross-referencing here.
All of the stars in category 1 and almost two-thirds of category 2 have identiÐcations (mostly HD numbers) in the SIMBAD database. Category 1 (early dwarfs) consists of BÈF dwarfs (32 luminosity class V types), with a few emission-line stars, rounded out by 10 subgiants, Ðve AÈF giants, and an A supergiant. Of the 19 category 2 sources (late dwarfs), seven do not have spectral types in SIMBAD, and 11 have only spectral types without a luminosity class (three M-, four K-, and four G-type stars). The only source in this category with both a spectral type and luminosity class, HD 33060, is listed as G8/K0 III, a late giant.
The Category 5, the supergiants and low mass loss rate AGB stars, contains less certain classiÐcations. The supergiants are the least ambiguous, with 13 of the 99 candidates of M type and luminosity class Ia or Iab, and one classiÐed as K5 Iab. Only one of the four C-rich AGB candidates has a spectral type. The 61 O-rich AGB candidates include two Mira variables, a semiregular variable, and 23 M-type stars, as well as two supergiants and a C-rich Wolf-Rayet star.
Category 6, which consists of the more heavily obscured AGB stars, has only a few reliable spectral type identiÐca-tions. Of the 337 O-rich candidates, only 55 appear in SIMBAD, and none of these have spectral types. One is classiÐed as a PN, and a few are noted to be variable stars, but the majority (34) are simply listed as "" IR sources ÏÏ (mostly from IRAS PSC listings). We Ðnd a few spectral types among the C-rich candidates, with Ðve of the 17 stars with SIMBAD references classiÐed as carbon stars. The remainder are, again, simply listed as variable stars, or one as a member of a cluster.
In category 7, 40 of the 76 PN candidates have SIMBAD identiÐcations ; 17 are listed simply as "" IR source,ÏÏ while eight are "" emission object ÏÏ or "" emission star.ÏÏ Only one is actually listed as a PN, and the remaining types reÑect a wide variety of unusual objects (e.g., nebulae, line sources, UV sources, radio sources). Our H II region candidates have similar sorts of SIMBAD identiÐcations for 75 of the 254 sources. "" IR sources ÏÏ account for 28 of these objects, while 18 are listed as H II regions, nebulae, or clusters ; 15 are "" emission objects,ÏÏ and the remainder are stars or radio sources.
L MC and Foreground Stellar Populations
To study stellar populations properly in the LMC using our 2MASS/MSX cross-correlation, we must Ðrst separate the foreground Milky Way stars from the actual LMC sources. To do so, we can examine the versus Figure 5 . The dotdashed line is the limit represented by the depth of the MSX survey in band A, approximately magnitude 8, and the solid black line shows the magnitude limit for at S/N \ 10. K s The points have been color-coded to reÑect their J[K s colors, so they can be more easily compared with the colorcolor diagram in Figure 3 . In the color-magnitude diagram, the sources segregate into four distinct groups. From brightest to faintest at we Ðnd the following : (1) A K s , "" crescent-shaped ÏÏ group with with in 
5, responds primarily to category 5, although some overlap exists with the M dwarfs. (3) Those sources with K s [ 9, and encompassing mainly the
5, members of category 6. (4) Finally, the PNs and H II regions of category 7 can be seen as those sources generally with and The apparent magnitude of a source in our sample K s will, of course, depend on the absolute magnitude, K s M Ks , of the source and its distance modulus, k. Either the object is in the LMC, with k^18.5 (e.g., van Leeuwen et al. 1997 ; Gratton 1998 ; Koen & Laney 1998) , or the object is in the Milky Way, with k likely between 10 and 14 (D1 and D6 kpc, respectively). For convenience, we shall assume k \ 12 (D2.5 kpc) as typical for foreground stars in the direction of the LMC. The SKY model contains the absolute magnitudes of each of the 87 source types that describe point sources in the Milky Way. We have modeled Figure 5 using these source types, for k \ 12 in Figure 6 , and for k \ 18.5 in Figure 7 , ignoring di †erences between K and K s . Figure 6 indicates that a distance modulus of 12 represents the M giants in the diagram fairly well. However, we know from the color-color diagram that a number of the stars are likely G and K giants and main-sequence stars and that a few M dwarfs are in the sample. The Ðgure implies that the more likely distance modulus for any G and K candidate giants is k D 8 (D1 kpc) and that the mainsequence stars we Ðnd are likely closer than 1 kpc, and probably more like 100 pc. From Figure 7 we see that T Tauri stars in the LMC are simply too faint to have been detected by MSX. This is also true for the main-sequence and giant branch stars. The brightest M giants would be about magnitude 9 at 8.3 km if they were located in the LMC, 1 mag fainter than the MSX A-band survey limit (however, these might possibly be detected in the co-added MSX image data). Most of the LMC M giants, while easily detectable by 2MASS at would have magnitude K s D 13, D13 at 8.3 km, undetectable by MSX (even in the co-added data). For the reddest M dwarfs in the sample, it appears that the farthest away they could be and still have been detected by MSX is D25 pc.
Figures 6 and 7 reveal that the reddest candidate objects, i.e., the heavily enshrouded AGB stars and the RSGs, are intrinsically so bright at that most in our sample must K s have k [ 15, making them most surely extragalactic. The PNs and most H II region candidates are generally fainter at but, given their colors, are also most likely extragalactic. K s It is possible that some of the earliest AGB star candidates (both C-rich and O-rich) could be extreme members of the Milky Way. Figure 7 suggests that the early carbon stars in the LMC would be about a magnitude too faint to have been detected in MSX band A (assuming they have the same limiting absolute magnitude in the LMC and the Milky Way). This likely explains the fact that we identify only four early C-rich AGB stars. Fig. 3 . The dot-dashed line is the limit represented by the depth of the MSX survey in band A, approximately magnitude 8. The black solid line is the 2MASS magnitude at S/N \ 10. The blue solid line is the projected SIRT F IRAC instrument sensitivity (see°4.6). K s ments are for the C-rich and O-rich AGB stars. These tend to blend together in color, especially for those with little dust emission. An added complication is the fact that the di †erence in metallicity between the Milky Way and the LMC makes it unlikely that the use of the Wainscoat et al. (1992) model yields entirely accurate results for these stars. However, the IR carbon stars appear to agree in color with those of Wainscoat et al. (1992) , which is corroborated by the SIMBAD cross-referencing. Thus, no a priori reason exists to believe that the colors for the low mass loss rate (visual) carbon stars are incorrect.
We identify 61 early O-rich AGB stars in the sample and only four (or D6%) early C-rich AGB stars. Among the dusty AGB stars, we Ðnd 337 OH/IR-type stars and 108 (or 24%) IR carbon stars. Groenewegen & de Jong (1993) indicate that an approximately even number of O-rich and C-rich AGB stars are expected in the LMC, which contrasts with the 10%È13% expected to be C-rich in the Milky Way (Hacking et al. 1985 ; Thronson et al. 1987) . The lower metallicity of the LMC should result in an increased fraction of carbon stars. We see a lower percentage of C-rich stars than Groenewegen & de Jong (1993) expect, but this may be due to the fact that the O-rich population (OH/IR stars) is intrinsically brighter than their C-rich counterparts. Thus, more O-rich stars are observed by MSX, given its A-band limiting magnitude.
One of the surprises of this study was the existence of the grouping of sources with and the
5, category 7 objects. We had found a fairly large number of stars with stellar near-IR colors but with large mid-IR excess. Furthermore, the group segregates into two near-IR subgroups, a very blue one and a redder one.
The Wainscoat et al. (1992) colors indicated that the redder (and, to a lesser degree, group corre-H[K s J[K s ) sponds most closely to the "" red planetary ÏÏ colors in the model. Of the few PNs identiÐed in SIMBAD, these tend to fall in or near the colors deÐned for category 7a.
Many of the stars we identify as PNs have spectral types indicating peculiar emission-line stars/objects, which is consistent with PN central stars. These identiÐcations are the least likely in the sample, however, given the overlap with the H II region sources. It may be that a number of these are H II regions with more reddening than the others, rather than PNs.
To determine source types more adequately in Tables 2È4, it is clear that follow-up observations need to be made for many or all of the sources, including further imaging, but particularly spectroscopy. A preliminary set of optical spectroscopic observations by one of us (S. D. V. D.) of a few objects in each of the categories (except H II regions) shows that our classiÐcation scheme has merit, particularly for the RSGs, AGB stars, and PNs. However, ground-and FIG. 6.ÈColor-magnitude diagram generated from the SKY model from Wainscot et al. (1992) , computing from the model absolute magnitude, K s M K , and distance modulus, k \ 12, corresponding to foreground sources. As in Fig. 5 , the dot-dashed line is the limit represented by the depth of the MSX survey in band A, and the black solid line is the 2MASS magnitude at S/N \ 10. K s space-based IR spectroscopic and imaging observations are essential, especially for the more dust-obscured sources, such as the OH/IR and IR carbon stars. Figures 8a and 8b show the location of objects in the 11 candidate categories distributed over the MSX 8.3 km image mosaic of the LMC. These Ðgures can be quite useful in analyzing the validity of the identiÐcations we have made on the basis of source color and may also be of use in understanding star formation and evolution in LMC. Figure 8a shows the sources of luminosity class V and III, the most numerous being the giants. We have previously noted that the main-sequence stars and giants in the sample must be foreground (Milky Way) objects, which we would not expect to be correlated with any structures in the LMC. Indeed, we see that these stars are distributed fairly randomly across the image, with no apparent clustering or association with any of the mid-IR emission in the LMC. Figure 8b shows the distribution of the remaining sources, which we argue most likely belong to the LMC. The primary population are the extreme AGB stars. These are expected to be fairly massive (up to 8 and probably M _ ) have ages of Gyr. These sources are fairly widespread [1 over the face of the LMC, with a concentration along the LMC bar. The next most populous groups are younger objects, i.e., a large population of supergiants (99 in The largest concentrations of H II region candidates (category 7b sources) trace the LMC bar, and many of the remaining H II regions are associated with other knots of mid-IR emission. There are also a large number of apparently randomly distributed category 7b sources. An interesting comparison between the distribution of RSG and H II region candidates seen in the mid-IR and the distribution of the youngest LMC stars (bright main-sequence dwarfs, blue-loop stars, and supergiants) identiÐed by the DENIS near-IR survey (Cioni et al. 2000) can also be made. The contours deÐned in Cioni et al. (2000, their Fig. 2) , which trace the star count density of young (less than 0.5 Gyr) stars, are qualitatively very similar to the distribution of RSGs and H II regions in Figure 8b , including the enhancements in counts seen around the 30 Doradus and N11 regions. The distribution of H II regions tends FIG. 7 .ÈColor-magnitude diagram generated from the SKY model of Wainscoat et al. (1992) , computing from the model absolute magnitude, and K s M K , distance modulus, k \ 18.5 (see text), corresponding to LMC sources. As in Fig. 5 , the dot-dashed line is the limit represented by the depth of the MSX survey in band A, and the blue solid line is the projected SIRT F IRAC instrument sensitivity (see°4.6).
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(unsurprisingly) to trace the mid-IR extended emission. It is apparent that the current high-mass star formation in the LMC is strongly concentrated in or near the bar, although knots of mid-IR emission trace other regions of high-mass star formation throughout the LMC.
The stars we identiÐed as "" early ÏÏ C-rich AGB stars are all found in the northeast quadrant of the LMC, while the "" late ÏÏ C-rich AGB stars are found in two primary areas, one just south of the LMC bar and another in the northwest quadrant of the galaxy, around the N11 complex. The O-rich AGB stars are more widely distributed, but it appears that their distribution traces the areas of bright mid-IR emission.
The distribution of candidate PNs is fairly widespread over the face of the LMC, although there is some association with knots of mid-IR emission along the bar. The likely PNs are more closely associated with the central portions of the LMC than are the H II region members of category 7. There is a cluster of approximately six PNs in the 30 Doradus complex, as well as another cluster of three sources about to the northwest. Another group of PNs 0¡ .5 runs through the middle of the bar.
Unmatched MSX Sources
There are 142 sources in the MSX PSC that did not have matches in the 2MASS PSC. A comparison of the magnitude distribution of the matched and unmatched MSX sources is shown in Figure 9 . We have visually examined the 2MASS and MSX image data and Ðnd that a lack of matches can generally be explained in Ðve ways : (1) a source is too bright (i.e., saturated) in 2MASS, (2) a source is too faint in 2MASS, (3) a possible positional mismatch exists, (4) the 2MASS source is extended, or (5) something appears in the 2MASS image but was not detected, for whatever (K s ) reason. The 2MASS point-source processing for the 2IDR could not extract extremely bright sources, but instead, placeholders for these stars were put in the 2IDR PSC (with values [99.999 for magnitudes).
Five of the unmatched sources were far too bright for 2MASS. We have identiÐed these stars, matched them with SIMBAD, and extracted their (inaccurate) magnitudes from the 2MASS working database :
and HD 272138 (M2), K s D 3.1 ; An additional Ðve MSX sources have nearby K s D 2.9. 2MASS counterparts, and we suspect that the MSX pointing correction may have been locally inadequate in these cases, with an optimistic quoted positional uncertainty, resulting in a failure to make the proper match. A total of 19 MSX sources appear correlated with relatively faint 2MASS sources that appear extended. Five of these faint sources are in Ðelds with general nebulosity, i.e., brighter extended sources in the 2MASS XSC that are also correlated with MSX point sources ; in fact, we can account for one "" unmatched ÏÏ 2MASS PSC source, since it is actually an extended source, matched with MSX (see below).
The overwhelming majority of unmatched sources do not appear on 2MASS images, likely because they are too faint for 2MASS (i.e., so red that the magnitudes are below JHK s the detection limits). However, a fraction of the sources are probably spurious sources in the MSX PSC. Figure 9 shows that most of the unmatched sources are near the MSX detection threshold. One such spurious source is obvious in the case of MSX source 187, which inadvertently survived the catalog compilation with a bad S/N calculation.
Examination of the MSX image data indicates that 37 of these objects are unambiguous point sources in the coadded image ; six appear to be multiple sources and thus may have incorrect position information in the catalog ; 29 are somewhat non-pointlike and associated with extended emission ; 35 are at very low S/N on the image plate but probably are real ; and 30 have no identiÐable counterpart on the image data and are likely spurious catalog sources.
MSX Sources without Category
Among the 228 MSX sources in Tables 2 and 3 without assignment to one of the 11 object categories, 85 have spectral type identiÐcation from SIMBAD. In addition, 68 (or 30%) of the uncategorized sources are saturated in the 2MASS bands, but most of these have SIMBAD identiÐca-tions consistent with what are most likely foreground giant and dwarf stars. For the rest of the uncategorized sources, 31 (or 14%) are very red and relatively faint as seen by 2MASS, nine (4%) are rather blue and faint, 19 (8%) are blended or confused, such that the 2MASS and MSX colors are not representative of the individual objects, and three are clearly nebular (with an associated 2MASS point source). The blended objects either are of similar color, e.g., in a compact star cluster, but are just too confused or, in several cases, are a pair of confused stars of very di †erent colors. Among the nebular objects is a known H II region (LI-LMC 102), a source associated with N105A, and a source associated with the emission object LHA 120-S24. Among the faint, red objects is a known LMC PN (IRAS 04515[6710) , and we suspect that others are in this category. We also suspect that many of the faint, blue sources are (compact) H II regions, based on their colors.
However Wainscoat et al. (1992) colors for Galactic objects do not Ðt well the colors for these speciÐc LMC sources. Along with the many sources in this study that fall into our categories, these uncategorized objects also deserve followup IR imaging and spectroscopic observations.
Extended Sources in 2MASS
There are 131 MSX sources matched with 2MASS extended sources across the LMC. Although 2MASS detects extended sources over the entire 100 deg2 Ðeld, the central region of the galaxy will have the preponderance of matched extended sources, since most of the MSX structure is concentrated there. The matched sources are generally faint. The majority (D57%) appear nebular, while a large number (D31%) appear pointlike, and many of these are fairly red. About 12% of the extended sources are galaxies behind the LMC.
Most of the extended sources fall in the same color regime as the candidate PNs and H II regions, and a few are near the area on the diagram for the AGB stars. The MSX footprint is large enough that many sources in the LMC that are extended, as seen by 2MASS, would be considered "" pointlike ÏÏ and would fall into the MSX PSC. All of the matched extended sources are associated with matched MSX/2MASS point sources. This occurs since many 2MASS extended sources contain associated point sources, such as ionizing stars within the nebulae, in the case of the candidate H II regions or reÑection nebulae, or central stars within candidate PNs. In addition, a few of the candidate AGB stars must show associated extended emission, e.g., circumstellar nebulae, as seen by 2MASS, which, together, are also bright in the MSX A band.
Future Directions
This work presents a classiÐcation scheme for resolved objects in external galaxies where near-IR and mid-IR colors are available. In addition to future large groundbased IR observing programs, the next opportunity for large-scale application of this work would be to undertake a survey of the LMC with the SIRT F IR Array Camera (IRAC). Like MSX, IRAC has an 8 km capability. Its projected sensitivity is approximately magnitude 15 in this band in the moderate integration mode. Combining an IRAC LMC survey with the 2MASS PSC would yield a much more complete population study of the LMC. The limits of such a survey are shown on the magnitude-color diagrams in Figures 5 and 7 . The magnitude 7.5 limit of the MSX A-band survey was too high to detect the majority of AGB stars with low to moderate mass loss. We see from Figure 7 that a SIRT F/ 2MASS survey will detect the entire LMC AGB population, as well as the fainter end of the PN population, assuming that the Wainscoat et al. (1992) absolute magnitudes are similar to what the same stellar types would have under the metallicity conditions in the LMC.
Based on the IRAC performance provided by Hora, Fazio, & Willner (2000) , an IRAC survey would detect sources at S/N \ 5 with the 30 s integration m 8km \ 15.1 mode (A. Omont & G. Gilmore 2000, private communication) . From the MSX 8.3 km source counts in Figure 1 , confusion is estimated to set in at m 8km D 16. Indeed, confusion is relatively minimal in the densest regions of the LMC at a magnitude limit of 14.7. For K s 2MASS, S/N^5 occurs at Thus, an IRAC (8 K s \ 15.1. km) LMC survey is well matched to the 2MASS survey of the LMC. Again, from Figure 1 , more than a million LMC sources would be matched with J, H, and the IRAC K s , colors. 2MASS also conducted a "" 6X ÏÏ survey (6 times the normal survey integration time per scan) of the LMC, increasing the survey limit by about 1È1.5 mag. We recommend such a SIRT F survey be done as one of the major Guest Observer projects.
CONCLUSIONS
MSX and 2MASS have both observed the LMC as part of their operations in the mid-and near-IR, respectively. We have performed a cross-correlation of the source catalogs from the two IR surveys and have found 1664 point-source and 131 extended-source matches. It is clear that the combination of near-IR and mid-IR colors can lift some of the degeneracy in the IR color-color diagram for sources in the LMC. For instance, in the 2MASS-only color plane, H II regions and PNs are indistinguishable from normal stars. With the MSX A band as another axis to the color plane, such nebulae are much easier to identify and distinguish.
Based on the combined 2MASS/MSX colors, using the IR point-source model by Wainscoat et al. (1992) , and obtaining source names and spectral types from the SIMBAD database when available, we have identiÐed 11 categories of stellar populations and red nebulae, including main-sequence stars, giant stars, RSGs, C-and O-rich AGB stars, PNs, H II regions, and other dusty objects likely associated with early-type stars. A total of 731 of these sources were previously unidentiÐed. Object detection is limited by the MSX 8.3 km (A-band) sensitivity.
The spatial distribution of these IR sources can also add to our understanding of star formation and stellar evolution in the LMC and of the evolution of the LMC as a member of an interacting system with the Milky Way, as well as a template for low-metallicity systems at higher redshift. Our compilation of MSX and 2MASS photometry and astrometry for these sources will provide a sample of objects for future observations and analysis by ground-based and space-based observatories, such as SIRT F and SOFIA.
